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Introduction {#sec001}
============

Japanese obstetricians and midwives have historically recommended limiting weight gain during pregnancy to avoid difficult deliveries; however, the trend of staying slim during pregnancy has recently been recognized as a serious problem hampering the ability to have a healthy baby \[[@pone.0218573.ref001],[@pone.0218573.ref002]\]. There are many underweight women in Japan who negatively view marked weight gain during pregnancy due to their desire for slimness \[[@pone.0218573.ref003],[@pone.0218573.ref004]\]. Young Japanese women\'s strong desire to be thin has been considered as the underlying cause \[[@pone.0218573.ref003],[@pone.0218573.ref004]\]. In conjunction with these trends, the average birth weight of Japanese neonates has decreased every year. Twenty-thirty years ago, the average birth weight in Japan was about 3,300 g; however, it has now decreased to be about 3,000 g and the prevalence of low-birth-weight infants in Japan has increased to about 10% \[[@pone.0218573.ref003],[@pone.0218573.ref004]\]. To date, pre-pregnancy underweightness and less than optimal weight gain have been reported to be associated with adverse obstetric outcomes such as preterm birth and fetal growth restriction \[[@pone.0218573.ref005]--[@pone.0218573.ref008]\]. In addition, some birth cohort studies in Japan have also been deemed suitable for epidemiological studies to demonstrate the 'Developmental Origins of Health and Disease (DOHaD)' indicating the developmental plasticity and mismatch concept \[[@pone.0218573.ref004],[@pone.0218573.ref009],[@pone.0218573.ref010]\]. Based on these backgrounds, the importance of nutrition and weight gain during pre-pregnancy and pregnancy has now been widely recognized in Japan \[[@pone.0218573.ref004]\].

Based on the hypothesis that the trend of underweight pregnant women in Japan has been increasing, in this study we compared the current prevalence of and obstetric outcomes in underweight Japanese women with those 16 years ago.

Materials and methods {#sec002}
=====================

The protocol for this retrospective study was approved by the Ethics Committee of the Japanese Red Cross Katsushika Maternity Hospital. Written informed consent to analyze a retrospective database was obtained from all subjects.

We reviewed the obstetric records of singleton pregnant Japanese women who delivered at our institute at ≥ 22 weeks' gestation from January 2000 through December 2002 and those from January 2016 through December 2018.

In this study, underweight women and their optimal weight gain during pregnancy were defined as a body mass index (BMI; kg/m^2^) during pre-pregnancy below 18.5 and 9--18 kg, respectively, according to the Institute of Medicine (IOM) and the Japanese Ministry of Health, Labour and Welfare (JMHLW) guidelines \[[@pone.0218573.ref003],[@pone.0218573.ref011],[@pone.0218573.ref012]\].

As characteristics of patients, we examined the maternal age, primiparous rate, height, body weight and BMI during pre-pregnancy, body weight at delivery, and total weight gain during pregnancy. The main obstetric outcomes were hypertensive disorders, gestational diabetes mellitus (GDM), macrosomia, low birth weight, light for gestational age (LGA), preterm premature rupture of the membranes, preterm delivery, cesarean delivery, and postpartum hemorrhage ≥ 1,000 mL according to our previous study concerning optimal gestational weight gain in Japanese women \[[@pone.0218573.ref012]\]. In addition, we compared the obstetric outcomes of pre-pregnancy underweight Japanese women with gestational weight gain of 9--18 kg with those showing gestational weight gain \< 9 kg in 2000--2002 and 2016--2018. GDM, macrosomia, and a low birth weight were defined as described in detail previously \[[@pone.0218573.ref012]\]. Birth weight was classified as light for gestational age (LGA) if the weight was below the 10th percentile of the reference curves of birthweight for gestational age in Japanese singleton neonates \[[@pone.0218573.ref013]\]. The gestational age was calculated based on ultrasonographic findings at 9--11 weeks' gestation in cases of spontaneous conception and embryo transfer dates when pregnancy was achieved by in vitro fertilization.

Data are expressed as the mean ± standard deviation (SD) or number (percentages). Data from 2000--2002 and 2016--2018 were compared by the Mann-Whitney U-test for continuous variables, and the *x*^2^ or Fisher's exact test for categorical variables. Odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated. Differences with *P* \< 0.05 were considered significant. To examine the association between pre-pregnancy underweightness/less than optimal weight gain and obstetric outcomes, a multivariate logistic regression analysis was conducted to compare the obstetric outcomes of pre-pregnancy underweight Japanese women with optimal weight gain vs. those with gestational weight less than optimal in 2000--2002 and 2016--2018.

Results {#sec003}
=======

**[Table 1](#pone.0218573.t001){ref-type="table"}** shows the prevalence of underweight Japanese women in each age group for 2000--2002 and 2016--2018. Pregnant women in their twenties decreased and pregnant women in their forties increased significantly (*p* \< 0.01) from 2000--2002 to 2016--2018. The prevalence of underweight pregnant women increased in all ages; however, there were no significant changes in the prevalence. For example, the *p*-value of the difference in those in their forties between the 2 study periods was 0.30. Compared with pregnant women in their teens, twenties, and thirties, the prevalence of underweight women was lower by those in their forties (vs. teens: Crude OR: 0.429, 95% CI: 0.28--0.66, *p* \< 0.01; vs. twenties: Crude OR: 0.512, 95% CI: 0.40--0.66, *p* \< 0.01; vs. thirties: Crude OR: 0.634, 95% CI: 0.49--0.82, *p* \< 0.01). The prevalence of underweight women in their twenties decreased and women in their forties increased significantly (p \< 0.01) from 2000--2002 to 2016--2018.

10.1371/journal.pone.0218573.t001

###### Prevalence of underweight Japanese women in each age group in 2000--2002 and 2016--2018.

![](pone.0218573.t001){#pone.0218573.t001g}

  Years        2000--2002      2016--2018   *P*-value[^c^](#t001fn003){ref-type="table-fn"}                                                                            
  ------------ --------------- ------------ ------------------------------------------------- ---------------------------------------------------- ------------ ------ ---------
      \< 20    105 (1.7)       20 (19.0)    2.2                                               80 (1.7)                                             17 (21.3)    2.4    0.87
      20--29   2,053 (32.80)   349 (17.0)   37.5                                              1,255 (27.0)[^b^](#t001fn002){ref-type="table-fn"}   224 (17.8)   31.2   \< 0.01
      30--39   3,843 (61.5)    541 (14.1)   58.2                                              2,826 (60.7)                                         425 (15.0)   59.3   0.69
      ≥ 40     252 (4.0)       20 (7.9)     2.2                                               491 (10.6)[^b^](#t001fn002){ref-type="table-fn"}     52 (10.6)    7.3    \< 0.01
  Total        6253 (100)      930 (14.9)   100                                               4,652 (100)                                          717 (15.4)   100    

^a^Values are numbers (percentages) or percentage.

^b^*P* \< 0.01 vs. 2000--2003.

^c^*P*-value of prevalence of underweight women in 2000--2002 vs. 2016--2018.

**[Table 2](#pone.0218573.t002){ref-type="table"}** shows the clinical characteristics of underweight Japanese women except for the maternal age in 2000--2002 and 2016--2018. The prevalence of primiparous women increased significantly (OR: 1.42, 95% CI: 1.2--1.7, *p* \< 0.01); however, there were no significant differences in the other variables such as maternal BMI or gestational weight gain.

10.1371/journal.pone.0218573.t002

###### Clinical characteristics of underweight Japanese women except for maternal age in 2000--2002 and 2016--2018.

![](pone.0218573.t002){#pone.0218573.t002g}

                                              2000--2002   2016--2018   *P*-value
  ------------------------------------------- ------------ ------------ -----------
  Primiparous women                           473 (50.9)   445 (62.4)   \< 0.01
  Maternal height (cm)                        159±5.4      159±5.9      0.46
  Maternal weight at pre-pregnacy (kg)        43.5±3.3     43.4±3.8     0.41
  Maternal body mass index at pre-pregnancy   17.2±0.7     17.2±0.8     0.51
  Gestational weight gain (kg)                11.9±3.0     11.3±2.8     0.24
  Maternal weight at delivery (kg)            55.4±3.8     54.7±4.2     0.12

Values are numbers (percentages) or numbers ± standard deviation.

**[Table 3](#pone.0218573.t003){ref-type="table"}** shows the obstetric outcomes of underweight Japanese women in 2000--2002 and 2016--2018. The prevalence of pregnant women whose weight gain was less than optimal increased (*p* = 0.049), while the prevalence of those who achieved optimal weight gain decreased (*p* = 0.046). There was no difference in obstetric outcomes between underweight Japanese women in 2000--2002 and 2016--2018.

10.1371/journal.pone.0218573.t003

###### Obstetric outcomes of underweight Japanese women in 2000--2002 and 2016--2018.

![](pone.0218573.t003){#pone.0218573.t003g}

  Years                                        2000--2002   2016--2018   *P*-value
  -------------------------------------------- ------------ ------------ -----------
  Weight gain during pregnancy                                           
      \< 9 kg                                  166 (17.8)   155 (21.6)   0.06
      9--18 kg                                 762 (81.9)   559 (77.9)   0.046
      \> 18 kg                                 2 (0.2)      3 (0.4)      0.66
  Maternal weight at delivery                  55.4±3.8     54.7±4.2     0.12
  Hypertensive disorders                       31 (3.3)     28 (3.9)     0.59
  Gestational diabetes melitus                 12 (1.3)     11 (1.5)     0.42
  Preterm premature rupture of the membranes   28 (3.0)     23 (3.2)     0.89
  Preterm delivery                             83 (9.0)     69 (9.6)     0.67
  Cesarean delivery                            131 (14.1)   120 (16.7)   0.15
  Neonatal birth weight                                                  
      \< 2,500 g                               130 (14.0)   123 (17.2)   0.07
      ≥ 4,000 g                                4 (0.4)      4 (0.6)      0.73
  Light for gestational age infants            115 (12.4)   86 (12.0)    0.88
  Postpartum hemorrhage ≥ 1,000 mL             75 (8.1)     70 (9.8)     0.25

Values are numbers (percentages) or numbers ± standard deviation.

**[Table 4](#pone.0218573.t004){ref-type="table"}** shows the obstetric outcomes of pre-pregnancy underweight Japanese women whose weight gain was less than optimal and those who achieved optimal weight gain in the both periods. There was no difference in these obstetric outcomes between underweight Japanese women in 2000--2002 and 2016--2018 regardless of the weight gain level.

10.1371/journal.pone.0218573.t004

###### Obstetric outcomes of pre-pregnancy underweight Japanese women with gestational weight gain \< 9 kg in 2000--2002 and 2016--2018.

![](pone.0218573.t004){#pone.0218573.t004g}

  Years                                            2000--2002    2016--2018   *P*-value
  ------------------------------------------------ ------------- ------------ -----------
  Weight gain less than optimal                    166           155          
      Hypertensive disorders                       7 (4.2)       8 (5.2)      0.61
      Gestational diabetes melitus                 1 (0.6)       0 (0)        1.00
      Preterm premature rupture of the membranes   6 (3.6)       4 (2.6)      0.75
      Preterm delivery                             15 (9.0)      12 (7.7)     0.67
      Cesarean delivery                            24 (14.5)     25 (16.1)    0.94
      Neonatal birth weight                                                   
      \< 2,500 g                                   42 (25.3)     41 (26.4)    0.55
      ≥ 4,000 g                                    0 (0)         0 (0)        1.00
      Light for gestational age infants            38 (22.9)     31 (20.0)    0.59
      Postpartum hemorrhage ≥ 1,000 mL             11 (6.6)      10 (6.5)     0.95
  Optimal weight gain                              762           559          
      Hypertensive disorders                       24 (3.1)      19 (3.4)     0.80
      Gestational diabetes melitus                 11 (1.4)      11 (2.0)     0.46
      Preterm premature rupture of the membranes   22 (2.9)      19 (3.4)     0.60
      Preterm delivery                             68 (9.0)      57 (10.2)    0.44
      Cesarean delivery                            10.5 (13.7)   95 (17.0)    0.11
      Neonatal birth weight                                                   
      \< 2,500 g                                   88 (11.5)     82 (14.7)    0.09
      ≥ 4,000 g                                    2 (0.3)       2 (0.4)      0.76
      Light for gestational age infants            77 (10.1)     55 (9.6)     0.87
      Postpartum hemorrhage ≥ 1000 mL              62 (8.1)      59 (10.6)    0.13

Values are numbers (percentages) or numbers ± standard deviation.

In both periods of 2000--2002 and 2016--2018, optimal weight gain was associated with a decreased incidence of neonatal birth weight \< 2,500 g (2000--2002: crude OR 0.385, 95% CI 0.26--0.58, *p* \< 0.01; 2016--2018: crude OR 0.478, 95% CI 0.31--0.73, *p* \< 0.01) and light for gestational weight infants (2000--2002: crude OR 0.379, 95% CI 0.25--0.58, *p* \< 0.01; 2016--2018: crude OR 0.437, 95% CI 0.27--0.71, *p* \< 0.01) as depicted in the supplemental table. There were no significant differences in the other obstetric outcomes of pre-pregnancy underweight women with gestational weight gain of 9--18 kg and those with gestational weight gain \< 9 kg. **[Table 5](#pone.0218573.t005){ref-type="table"}** shows the results of multivariate analysis for obstetric outcomes of pre-pregnancy underweight Japanese women with gestational weight gain of 9--18 kg compared with those with gestational weight gain \< 9 kg in 2000--2002 and 2016--2018. Using a multivariate analysis, optimal weight gain was independently associated with the decreased incidence of adverse obstetric outcomes such as neonatal birth weight \< 2,500 g and light for gestational weight infants.

10.1371/journal.pone.0218573.t005

###### Results of multivariate analysis for obstetric outcomes of pre-pregnancy underweight Japanese women with gestational weight gain of 9--18 kg compared with those with gestational weight gain \< 9 kg in 2000--2002 and 2016--2018.

![](pone.0218573.t005){#pone.0218573.t005g}

  Obstetric outcomes                  Gestational weight gain   Adjusted odds ratio   95% confidence interval   *P*-value
  ----------------------------------- ------------------------- --------------------- ------------------------- -----------
  Neonatal birth weight \< 2,500 g                                                                              
      2000--2002                      \< 9 kg                   1                                               
                                      9--18 kg                  0.495                 0.35--0.60                \< 0.01
      2016--2018                      \< 9 kg                   1                                               
                                      9--18 kg                  0.578                 0.40--0.86                \< 0.01
  Light for gestational age infants                                                                             
      2000--2002                      \< 9 kg                   1                                               
                                      9--18 kg                  0.611                 0.41--0.89                \< 0.01
      2016--2018                      \< 9 kg                   1                                               
                                      9--18 kg                  0.598                 0.38--0.90                \< 0.01

Discussion {#sec004}
==========

Based on recent studies in Japan \[[@pone.0218573.ref002],[@pone.0218573.ref005],[@pone.0218573.ref006],[@pone.0218573.ref012],[@pone.0218573.ref014]\], it may be necessary for Japanese women to view weight gain during pregnancy more positively. In addition, the current results may support some previous studies indicating the association between pre-pregnancy underweightness/ less than optimal gestational weight gain and adverse obstetric outcomes in any period \[[@pone.0218573.ref005]--[@pone.0218573.ref008]\]. However, in this study, the prevalence or obstetric outcomes of Japanese underweight women did not change over the 16-year period. The prevalence of underweight pregnant women increased in all ages, but it was non-significant.

To date, optimal weight gain during pregnancy for Japanese women to promote favorable perinatal outcomes has been explored, although this may not be the sole contributing factor \[[@pone.0218573.ref002],[@pone.0218573.ref005],[@pone.0218573.ref006],[@pone.0218573.ref012],[@pone.0218573.ref014]\]. The accumulation of evidence showing that the body composition of Asians differs from that of other races has led to concerns over whether a single set of guidelines applied globally is appropriate \[[@pone.0218573.ref015],[@pone.0218573.ref016]\], although the IOM guidelines are the most widely used guidelines on gestational weight gain \[[@pone.0218573.ref001]\]. Reduced weight gain has not been observed to lower the risk of cesarean delivery or lead to faster postpartum weight reduction \[[@pone.0218573.ref002]\]; however, some slender pregnant women still desire to strictly control their weight in Japan. We had predicted that young women are the main persons desiring slimness \[[@pone.0218573.ref003],[@pone.0218573.ref004]\]; however, the present results revealed no differences in the trend toward desiring slimness among the age groups, with this trend increasing at all ages.

Over the past 16 years, the number of pregnant women among older age groups has increased significantly. Advances in assisted reproductive technology have led to an increase in elderly primiparous pregnant women in Japan. An advanced maternal age has been associated with adverse outcomes, especially maternal complications including cesarean section and preeclampsia \[[@pone.0218573.ref017],[@pone.0218573.ref018]\]. The obstetric outcomes associated with maternal age have also been recognized to differ by conception method and parity. If pre-pregnancy underweightness increases the occurrence of adverse obstetric outcomes, the change in the maternal age led us to expect a change in the incidence of adverse obstetric outcomes in underweight women; however, in this study the obstetric outcomes in underweight women did not change. This may indicate the progress of perinatal care in Japan. Otherwise, maternal weight may not have a high priority as an indicator of the gestational nutritional status associated with obstetric outcomes in Japan. Based on the current results, we cannot judge the necessity of further education to curb the increasing trend of Japanese women who desire slimness. Indicators other than maternal weight may be sought to promote favorable perinatal outcomes.

In this study, a shift in the age of underweight Japanese women to 40 was observed. Considering the current result of obstetric outcomes, the characteristics of underweightness in young women may differ from those in older women. Because infertility treatment is expensive in Japan, older pregnant Japanese women who have received such treatment may be financially secure. Such women tend to be more health conscious and their diet shows a good nutritional balance to avoid obesity \[[@pone.0218573.ref019]--[@pone.0218573.ref021]\]. Therefore, the underweightness of older women may be a more significant indicator of health than that of young women.

There were some limitations of this study. Firstly, our institute is located in downtown Tokyo, Japan. There are differences in clinical backgrounds among pregnant women living in various areas of Tokyo, Japan \[[@pone.0218573.ref019]\]. Therefore, the current observations may not necessarily represent the trend of all women in Japan. Secondly, the sample size may have been too small to examine the influence of age on primiparous pregnancy because the number of underweight women aged 40 years or over in 2000--2002 was only 20. In addition, optimal weight gain during pregnancy for Japanese women has not been well-examined \[[@pone.0218573.ref002],[@pone.0218573.ref005],[@pone.0218573.ref006],[@pone.0218573.ref012],[@pone.0218573.ref014]\]. To promote favorable perinatal outcomes, we have been exploring optimal weight gain during pregnancy, although what really matters may not be solely indicated by the range of body weight \[[@pone.0218573.ref019]\]. Therefore, we remain unsure whether the criterion in this study is actually suitable for Japanese women.

In conclusion, the prevalence or obstetric outcomes of underweight Japanese women did not change during the 16-year period of this study. A further large-scale study may be needed.
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